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VWUHVVHGVWUDQGVRUURSHV)RUQHZEXLOGLQJVWKHDSSOLFDWLRQRIDVOLGLQJMRLQWLVVXLWDEOH7KHVHPHWKRGVFDQDOVREHFRPELQHGLQ
VRPHVWUXFWXUHV'LIIHUHQW W\SHVRIPDWHULDOVDUHXVHG WRFUHDWH WKHVOLGLQJ MRLQWDQG LW LVQHFHVVDU\ WRNQRZWKHLUSURSHUWLHVE\
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
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
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WURXJK LV VKRZQ LQ WKH )LJXUHZLWKEDVLF JHRPHWULFDO FKDUDFWHULVWLFV7KHKRUL]RQWDO GHIRUPDWLRQV DUH WKHPRVW
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GDQJHURXVDQGWKH\DUHH[SUHVVHGDVUHODWLYHKRUL]RQWDOGHIRUPDWLRQVRIWHUUDLQHLQWKHPLQLQJFRQGLWLRQVVHH)LJ

 
)LJ(IIHFWRIXQGHUPLQLQJD6HWWOHPHQWWURXJKE(IIHFWRIKRUL]RQWDOGHIRUPDWLRQRQWKHIRXQGDWLRQERWWRP
6ROXWLRQRIHIIHFWVRIXQGHUPLQLQJ
7KHHIIHFWRIXQGHUPLQLQJFDQEHVROYHGE\YDULRXVLQGLYLGXDOPHWKRGVIRUH[LVWLQJEXLOGLQJV,QWKHVHFDVHVSUH
VWUHVVLQJ RI WKH EXLOGLQJ LV YHU\ RIWHQ XVHG )LJ D ,I D QHZ EXLOGLQJ LV GHVLJQHG LQ DQ XQGHUPLQLQJ DUHD
GLIIHUHQWPHDVXUHVZLOOKDYHWREHHPSOR\HGLQRUGHUWRUHGXFHWKHQHJDWLYHHIIHFW7KHUKHRORJLFDOVOLGLQJMRLQWLV
RQHRIWKHRSWLRQV)LJE7KHFRPELQDWLRQRISUHVWUHVVLQJZLWKDVOLGLQJMRLQWLVDOVRDYHU\LQWHUHVWLQJRSWLRQ
 
)LJ6ROXWLRQRIHIIHFWVRIXQGHUPLQLQJD3UHVWUHVVLQJRIEXLOGLQJVE6OLGLQJMRLQW
D        E
286   Martina Janulíková and Marie Stará /  Procedia Engineering  65 ( 2013 )  284 – 289 
0DWHULDOIRUVOLGLQJMRLQWDQGWKHLUWHVWLQJ
6OLGLQJMRLQWVXVXDOO\FRQVLVWRIDVSKDOWEHOWV7KHW\SHRIDVSKDOWEHOWXVHGFDQKDYHYHU\VLJQLILFDQWHIIHFW7KHUH
DUH R[LGL]HG EHOWV DQG PRGLILHG EHOWV XVLQJ $33 SRO\PHUV SODVWLF W\SH RI PRGLILFDWLRQ DV ZHOO DV XVLQJ 6%6
HODVWRPHUVHODVWLFW\SHRIPRGLILFDWLRQRQRXUPDUNHW
7KHW\SHVRIPDWHULDOVXVHGIRUWKHODERUDWRU\WHVWVDUHEDVHGRQDPDWHULDOEDVHZKLFKLVFXUUHQWO\DYDLODEOHRQ
WKH&]HFKPDUNHW2[LGL]HGDVSKDOWEHOWVDVZHOODVPRGLILHGDVSKDOWEHOWVDUHWHVWHGDVVXPLQJWKDWPRGLILHGEHOWV
DUHSUHIHUDEOHWRFUHDWHDVOLGLQJMRLQWWKDWLVQRWRQO\ZLWKUHJDUGWRPHDVXUHGGHIRUPDWLRQVEXWPDLQO\ZLWKUHJDUG
WRWKHGXUDELOLW\DQGVWDELOLW\RIWKHSURSHUWLHVRIPRGLILHGDVSKDOWEHOWV
7REHWWHUGHVFULEHWKHEHKDYLRURIDVSKDOWEHOWVLQDVOLGLQJMRLQWLWLVQHFHVVDU\WRNQRZWKHLUEHKDYLRUXQGHUWKH
SUHVVXUHRIVKHDUORDGVRYHUWLPH)RUWKLVSXUSRVHPDQ\ORQJWHUPODERUDWRU\WHVWVDUHFRQGXFWHGIRUGLIIHUHQWORDG
FRQGLWLRQV VL]H RI WKH KRUL]RQWDO DQG YHUWLFDO ORDGV DQG LQIOXHQFH RI WKH HQYLURQPHQWDO WHPSHUDWXUH DQG IRU
GLIIHUHQWNLQGVRIPDWHULDOV
7KHDLPRI WKHVH WHVWV LV WRVLPXODWH WKHEHKDYLRURIDVSKDOWEHOWVZKLFK IRUPWKHVOLGLQJ MRLQW LQDIRXQGDWLRQ
VWUXFWXUH,QWKHILUVWVWHSRIWKHWHVWWKHYHUWLFDOORDGLVLQWURGXFHGZKLFKUHSUHVHQWVWKHORDGRQWKHIRXQGDWLRQIURP
WKH WRS FRQVWUXFWLRQ RQ WKH WHVW VDPSOH DQG DIWHU  KRXUV WKHPLGGOH EORFN RI WKH WHVW VDPSOH LV ORDGHGZLWK D
KRUL]RQWDO IRUFH ZKLFK FDXVHV LWV GLVSODFHPHQW ,W LV WKLV GLVSODFHPHQW ZKLFK LV PRQLWRUHG LQ WKH WHVWV DQG
DXWRPDWLFDOO\UHFRUGHGE\HOHFWURQLFVHQVRUV7KHWHVW LVFRPSOHWHGDIWHUVL[GD\VIURPWKHWLPHRILQWURGXFWLRQRI
WKHKRUL]RQWDOORDGGXULQJDWZKLFKWLPHDFRQVWDQWVSHHGLVDOVRW\SLFDOO\DFKLHYHG

)LJ7KHWHVWVDPSOH
7KH WHVWVDPSOHFRQVLVWVRI WKUHHFRQFUHWHEORFNV[[PPDQG WZRVOLGLQJ MRLQWVDUHSODFHGEHWZHHQ
WKHVH )LJ  7KHVH VOLGLQJ MRLQWV DUH ILOOHG ZLWK WHVW PDWHULDO DOZD\V RQH ORRVHO\ SODFHG DVSKDOW EHOW EXW WKH
PHDVXUHPHQWZKHUHPRUHDVSKDOWEHOWVZLOOEHRUZKHWKHUWKHDVSKDOWEHOWVZLOOEHPROWHQRUJOXHGLVSODQQHGLQWKH
IXWXUH $ VWHHO VWUXFWXUH LV XVHG IRU LQWURGXFLQJ YHUWLFDO DQG KRUL]RQWDO ORDG ZKLFK LV VKRZQ LQ )LJXUH D 7KH
YHUWLFDOORDGLVFDUULHGRXWXVLQJDK\GUDXOLFSUHVVWKURXJKDVWHHOORDGGLVWULEXWLRQSODWHDQGWKHKRUL]RQWDOORDGLV
FDUULHGRXWXVLQJDEDVNHWZLWKZHLJKWVZKLFKLVDWWDFKHGWRWKHPLGGOHFRQFUHWHEORFN7KHWRSDQGORZHUEORFNV
DUHILUPO\IL[HG
$QDLUFRQGLWLRQHGURRPZDVFRQVWUXFWHGGXHWRWKHLPSDFWRIWKHLQIOXHQFHRIDPELHQWWHPSHUDWXUHDQGWKHVWHHO
WHVWHTXLSPHQWZDVSODFHGLQWRWKLVURRP)LJE0RUHLQIRUPDWLRQRQWKHWHVWFDQEHIRXQGLQ>@DQG>@
7KHFRQFUHWHYDOXHVRIWKHLQWURGXFHGORDGVDUHGHULYHGIURPWKHDFWXDOVWUHVVDQGGLVSODFHPHQWVSHHGZKLFKFDQ
ULVHLQDIRXQGDWLRQMRLQW(DFKVHWRIPHDVXUHPHQWVLVFDUULHGRXWDWWZRWHPSHUDWXUHVOHDVWXVXDOO\&DQG&
IRUDWRWDORIDWOHDVWPHDVXUHPHQWVIRUHDFKW\SHRIDVSKDOWEHOW
2WKHUTXDQWLWLHVDQGGHSHQGHQFLHVDUHGHULYHGIURPWKHWHVWUHVXOWVHJUHDOGLVSODFHPHQWVSHHGVKHDUPRGXOHRI
HODVWLFLW\HWF7KHWHVWUHVXOWVFDQEHXVHGIRUQXPHULFDOPRGHOLQJXVLQJ)(0>@
$VLWZDVTXRWHGLQ>@DQG>@WKHDPELHQWWHPSHUDWXUHLVDVLJQLILFDQWLQSXWIDFWRUIRUWKHUHVXOWLQJGHIRUPDWLRQV
DQGLWLVDGYLVHGWRLQFOXGHLWLQWHVWV
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 
)LJD$VWHHOVWUXFWXUHIRULQWURGXFLQJYHUWLFDODQGKRUL]RQWDOORDGLQWRWHVWVDPSOHE$VWHHOVWUXFWXUHLQDQDLUFRQGLWLRQHGURRP
5HVXOWVIURPODERUDWRU\WHVWV
,WLVFOHDUIURPWKHJUDSKVKRZQ)LJWKDWDFKDQJHRIWHPSHUDWXUHRI&UHVXOWVLQDKLJKHULQFUHDVHRIWRWDO
GHIRUPDWLRQLQWKHPDMRULW\RIWHVWV,WFRQILUPVRXUDVVXPSWLRQWKDWWKHWHPSHUDWXUHKDVDVLJQLILFDQWLQIOXHQFH>@
)LJ  VKRZV D JUDSKZKLFK FRPSDUHV WKH GHIRUPDWLRQ RI DVSKDOW EHOWV DFFRUGLQJ WR WKH W\SH RI DVSKDOW XVHG
PRGLILHGR[LGL]HG WKLFNQHVV ZHLJKW 7KLV JUDSK VKRZV WKDW WKH GLIIHUHQFH LV YDULDEOH EHWZHHQ WKH DPRXQW RI
GHIRUPDWLRQIRUR[LGL]HGDVSKDOWEHOWVDQGIRUPRGLILHGDVSKDOWEHOWV:LWKWKHPRGLILHGDVSKDOWEHOWDPXFKODUJHU
GHIRUPDWLRQ FDQ UHVXOW WKDQ ZLWK R[LGL]HG EHOWV XQGHU WKH VDPH ORDG FRQGLWLRQ PRGLILHG DVSKDOW EHOW ZLWK D
WKLFNQHVVRIRUPPEXWFDQDOVRKDYHYHU\VLPLODUYDOXHVPRGLILHGDVSKDOWEHOWZLWKDWKLFNQHVVRIPP
$OVR LW LV FOHDU WKDW WKH WKLFNQHVV DQGZHLJKW RI WKH DVSKDOW EHOWV DUH YHU\ LPSRUWDQW SURSHUWLHV DQG WKHLU ILQDO
DGMXVWPHQW DV ZHOO ,W LV LPSRVVLEOH WR GHWHUPLQH ZLWK FHUWDLQW\ D JHQHUDO GLIIHUHQFH EHWZHHQ WKH UKHRORJLFDO
SURSHUWLHV LQ UHODWLRQ WR WKH DSSOLFDWLRQ RI WKH VOLGLQJ MRLQW DV UHJDUGV WKH OLPLWHG TXDQWLW\ RI WHVW VDPSOHVZKLFK
UHSUHVHQWHGWKHLQGLYLGXDOJURXSVRIDVSKDOWEHOWV

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WKLFNQHVVPPZHLJKWNJP
2[LGL]HGDVSKDOWEHOWWKLFNQHVVPPZHLJKWNJP
0RGLILHGDVSKDOWEHOW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
)LJ&RPSDULVRQRIWKHGHIRUPDWLRQRIVHYHUDODVSKDOWEHOWV
&RQFOXVLRQ
7KHUH KDYH EHHQ WZR RSWLRQV RI VROXWLRQV RI KRUL]RQWDO ORDGV LQ WKH VXEVRLO SUHVHQWHG 6HYHUDO VHWV RI
PHDVXUHPHQWRIUKHRORJLFDOUHVSRQVHRIDVSKDOWEHOWVZHUHFDUULHGRXWDQGWKHLQIOXHQFHRIWKHDPELHQWWHPSHUDWXUH
RQWRWDOGHIRUPDWLRQVZDVYHULILHGLQWKHFDVHRIWKHKRUL]RQWDOORDGVXVLQJVOLGLQJMRLQWVROXWLRQ,QWKLVFDVHWKH
LQIOXHQFHRIDVSKDOWPRGLILFDWLRQRQDVSKDOWEHOWEHKDYLRUZDVDOVRPRQLWRUHG ,W LV LPSRVVLEOH WRGHWHUPLQHZLWK
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FHUWDLQW\ WKHJHQHUDOGLIIHUHQFHEHWZHHQPRGLILHGDQGR[LGL]HGDVSKDOWEHOWVZLWK UHJDUG WR WKH ODUJHTXDQWLW\RI
H[LVWLQJPDWHULDOV2QWKHEDVLVRIJHQHUDONQRZOHGJHDERXWWKHPRGLILFDWLRQRIDVSKDOWEHOWVLWFDQEHDVVXPHGWKDW
PRGLILHGDVSKDOWEHOWVZLOOKDYHEHWWHUSURSHUWLHVWKDQR[LGL]HGDVSKDOWEHOWV%XWWKHWKLFNQHVVDQGZHLJKWRIDVSKDOW
EHOWVDOVRSOD\DYHU\VLJQLILFDQWUROH,WLVQHFHVVDU\WRWHVWERWKW\SHVRIDVSKDOWEHOWVWRYHULI\DVVXPSWLRQVZKLFK
DUHEDVHGRQJHQHUDONQRZOHGJHDQGLWLVHVSHFLDOO\QHFHVVDU\WRH[WHQGWKHUDQJHRIPRGLILHGDVSKDOWEHOWV
7KHDERYHWHVWVDUHDOVRWKHEDVLVIRUWKHVHOHFWLRQRIVXLWDEOHDVSKDOWEHOWVIRUIXUWKHUWHVWLQJGLUHFWO\RQWKHSUH
VWUHVVHGEULFNFRUQHUVSHFLPHQZKLFKZLOODOVREHWHVWHGDWRXUIDFXOW\
$FNQRZOHGJHPHQWV
7KLVSDSHUKDVEHHQDFKLHYHGZLWKWKHILQDQFLDOVXSSRUWRIWKH0LQLVWU\RI(GXFDWLRQVSHFLILFDOO\E\WKH6WXGHQW
5HVHDUFK*UDQW &RPSHWLWLRQ RI WKH 7HFKQLFDO8QLYHUVLW\ RI2VWUDYD XQGHU LGHQWLILFDWLRQ QXPEHU 63 DQG
7KH FUHDWLRQ DQG LQWHUQDWLRQDOL]DWLRQ RI WRS WHDPV DQG HQKDQFLQJ WKHLU H[FHOOHQFH LQ WKH )DFXOW\ RI &LYLO
(QJLQHHULQJ96%782E\PHPEHUVRIWKH6WUXFWXUDOUHVHDUFKJURXS
5HIHUHQFHV
>@ 5ýDMND0-DQXOtNRYi30DWHþNRYi06WDUi/DERUDWRU\WHVWLQJDVSKDOWEHOWVZLWKWKHLQIOXHQFHRIWHPSHUDWXUH7UDQVDFWLRQVRIWKH9â%
7HFKQLFDO8QLYHUVLW\RI2VWUDYDYROQRS,6612QOLQH,6613ULQWLQ&]HFK
>@ 0 -DQXOtNRYi 5 ýDMND 3 0DWHþNRYi 9 %XFKWD /DERUDWRU\ WHVWLQJ RI DVSKDOW EHOWV UKHRORJLFDO SURSHUWLHV H[SRVHG WR VKHDU ORDGV
7UDQVDFWLRQVRIWKH9â%7HFKQLFDO8QLYHUVLW\RI2VWUDYDYROQRS,6612QOLQH,6613ULQWLQ
&]HFK
>@ 0 -DQXOtNRYi 5 ýDMND 3 0DWHþNRYi 0 6WDUi 0RGHOLQJ RI IRXQGDWLRQ VWUXFWXUHV ZLWK VOLGLQJ MRLQW XVLQJ UHVXOWV RI DVSKDOW EHOWV
ODERUDWRU\ WHVWV7UDQVDFWLRQVRI WKH9â% 7HFKQLFDO8QLYHUVLW\RI2VWUDYD YRO  QR S ,661 2QOLQH ,661
3ULQWLQ&]HFK
>@ 5 ýDMND 6HPLVSDFH )(0 HOHPHQW DQG VRLO  VWUXFWXUH LQWHUDFWLRQ 7KH 7KLUG ,QWHUQDWLRQDO ILE &RQJUHVV DQG ([KLELWLRQ	 3&, $QQXDO
&RQYHQWLRQDQG%ULGJH&RQIHUHQFH:DVKLQJWRQ'&86$
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